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a series of pictures generated with different spread Iunctions, an estimate ig obtained of the variance of the
spread function of the visual system, The square root of thig variance ranges from 3 4 to 8 4, depending
on the techniques used and on the training of (he Jjudges. Although the residual errors in this determination
aresmall, they show systematic trends, indicating (hat definition depends on other factors than the composite
variance, : -

A PICTURE can he produced by ¢ither 5 painter or : I HISTORY _—
_ 4 photographer, The painter’s tool is a brush. 1f Wolle and Eisent showed that the definition? of
he wishes to show fine detail, he uges 4 fine brush, hyt pictures could be specified psyrhomctriml?y with the
if he considers the broad outlines of the objects to be uscof techniques described by Thurstone®and Guilford.: -
more important, he uses a broard b%'ush. The phot_og~ Higgins anq Joness showed that g quantity termed A
rapher’s tool, however, is the composite spread function “Acutance” correlated with picture definition under -
Je(x) of .hls.phorographlc System, Wthh, CODSISFS of conditions in which the visual spread function could he i
the combination of all its clemental spread functions, neglected
el £ 7 pd ’ 4 . . b
¢.g., that <Of the came'rz} lens, the begatve film, the J’\'Iorrisscyﬁ developed o mathematica] technigue for ;
enlarger kn‘?) the bositive ﬁlmz and, in the case of obtaining psychometric values of picture definjtion hy .
Sysl(ﬁl‘]‘.ls having t.clevmon-type links, the 1)1(:}{111) tubfz, using incomplete pal’red-Compzu'ison data, ' ' Y
etc, lee. the painter, h'e Can control the size of ]}ls Using Morrissey’s technique, Higgins and Wolfe’ e
?}:}:s};\h’s spread function—and, 1o some degree, its showed that, in & More general casc, acutance data ‘\’
. ; p C . . would predict definition if the resolving power of he
_ The stimulus recejved by the hilghcr receptor center eye was taken into account. In other words, fp)(x)
1 the brain of ap obscrver looking at the picture js was required to predicg definition
T A : o] . : ) ) . H
determined by the spread function of th.e physical - Higgins, Lamber(s, and  Wolfes obtained good )
System fp(x) combined iy Some manner With that of correlation betweer picture definition ang the equiv- e
the Visual system Jv(x) to give Jrv(x). Tt js assumed )0 basshand derived from the sine-wave response of fE
M this paper that Jv() may be convoluted with the physical system, sine-wave response heing the e
Tr(x). ) . . ) Fourier transform of Je(x). This relationship wax
The visual Shread function S l_’(i‘) likewise Comprises nonlinear, l'n(lirating that some other factor, possibly
several clenenty] spread functions, ¢.g., that of the fv(x), was playing a significant part m determining , 1

eye lens, the ocylar media, the retina, and the higher definition, Ty these studics, granularity was either
Teceptor centers, The visual spread function represents negligible or wag held constant throughout the experi-
not mercly the physical spread function of the eye, but  ment o that the results were independent of the
rather the spreaq function of the entire visgal mechan-  granulay structure of the Photographic materials,

ism, objcctive and subjective, Wolfe and Tuccio® studied the detail rendition in a . T
Amajoraspect of (his subjective response i definition Photographic reproduction, first made by a stationar th
or detail reprodct ion, T other words, if an observer  camera and then by 4 Moving camera. In (he latter ST
looks at two pictures, A angd B, of identical subject.  €ase, a spread function fepresenting the motion of the : 1y

. . T . - A )

matter, and if fo,(2) i narrower for 4 than for By ap N Wolfe and F. C, Fisen, 1. 0p1. soc. Am, 43, 014 (1933), A

then the observer, on the avera ge, will state that 4 hyg s he term “sharpness ygs used for this concept Ly them, e
° but that term has since heen reserved for g description of the

better definition than B. Jigr » quantitative study, both APpearance of a single ogo.
3

the subjective and the physical aspects must be specified L. L. Thurstone, Apy, J. Psychol, 38, 363 (927). .
icall 1P, Guilford, Lsychometric Methods (McGraw-H1ill Book
Humerically, Company, Inc., New York, 1954), pp. 154177,

° G C ligging ang L, A Jones, T Soc. Motion Picture Tele
vision Engrs'58 277 (1932); PSA Tournal (Phot. Sci, Tech.) 198,
*..(kummmical,ion No. 2224 from the Koadak Research Labop. 33 (1953).

alories. Presented iy part at the Ofrawg meeling of the Optical & T H. Morrissay, 7T, Opt. Soc. Am, 43, 373 (1955), .
Suciety of America, October 8- 10, 1959, under the title, “Refation "GO, Higgins, and R, N. Walfe, T, Opt. Soc, Any. 15, 121
hetween picture definition and spread functinn for different vieye. (1955), .
ing distances,” and i part at the Bagstop meeting, October 12 14, BG. . Hingins, R, 1, Lamberts, ang R. N. Wolfe, Optira

“lermination of (he width  Acty 6,272 Crosy, " .l
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Cprera had to be included. The spread function Sr()
o the lens=Ailm combination was represented by the
ersion op of & normal distribution curve having
'.!.1: came arca under it as the spread function itsell.
11, 1ail rendition was found to bu proportional to the
et of op and the dispersion ap of the granularity
:]:/a,t:u;niuns in the reproduction. This result agrees
oty the theoretical deductions of Zweig, ITiggins, and
“u';x.a:\dum.“’

ga the experiment just described, the pholographs
sne-ented to the observers were 303 to 100X enlarge-
ents of the original negatives and were viewed at the
cormal viewing distance. Conscquently, the spread
caction Sy () of the eyc was small relative to fr(x)
and could be neglected.

Lowry and PePalmat have determined a sine-wave
response of the human visual system'iby obtaining
;.hnmmetric data on the subjective Mach phenomenon.
Their data give information'? about the visual spread
function,

A% has been pointed out carlicr, the results of some
of the esperiments described in this section were

" Satluenced by the visual spread function. It should

therefore be possible to make an estimate of the size
of this spread function by analyzing data obtained from
these and from similar experiments. Data already
presented by Higgins, Lamberts, and Wolfe® and by
Wolle,)* along with additional data, have been so
analyzed, and the aim of the present paper is Lo give
these results,

That it should be possible to make such an analysis
has been indicated by Selwyn'* and by Schade,!® since
cach of them included visual-response data in their
over-all analyses of the performance of optical systems.

1. THEORY

The way in which the physical spread function fp(x)
and the visual spread function [y (x) can be combined
to give the function f py(x) will now be considered in
detail, and a mathematical model relating subjective
definition to these factors-will be proposcd.

The spread functions are, for simplicity, taken as
the line spread functions, i.c., the line integrals of the
corresponding point spread functions.

It is assumed that these functions can be convolu ted.
The spread function obtained by convoluting fp(x)
and fy(x) is then

4o ) .
fev@={ fr()fv(z—x)dx N GY)

—2

0, J. Zweig, G. C. Higgins, and D. L. MacAdam, J. Opt.
Soc. Am. 48, 926 (1938).
'1:;6111). M. Lowry and J. J. DePalma, J. Opt. Soc. Am. 51, 740
( .

27, 7. DePalima and E. M. Lowry, J. Opt. Soc. Am. 51, 474
(1961) (abstract only).

13 R, N. Wolfe, J. Opt. Soc. Am. 49, 1133 (1939).

W, W. H. Selwyn, Phot. J. 88B, 6 (1948).

18, Schade, RCA Review 9, § (1948); and later papers.
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IL will be desirable to specify the half-width of the
spread functions by a single number. If f(x) is sym-
metrical about x==0 and is normalized, the hall-width

~| f f()lJ‘ @

Borrowing from statistical terminology, we may call o
the dispersion or slandard devialion of x, and of, which
is the second moment of x, we may call the wariance.
Since it can be shown!® that variances arc additive, w¢
can write

opy*=opttoyh. 3)

These values of standard deviation o only serve to
specily the half-widths of the various spread functions
and give no information about their shapes.

A mathematical model relating subjective defi mnition
to the physical and visual spread functions will now
be proposed. Let us assumc that picture definition is
lincarly related to logapy? We can then write

r=a-blogorvy, (4)

where 7 is the subjective visual response to a picture in
torms of definition or detail rendition. Making use of
Lq. (3), we can write

r=a+b 10g(0P2+O'V2>. (5)

If op is projected onto the retina, ie., if D is the
distance at which a picture is viewed and / is the focal
length of the eyc lens (which will be taken as 17.18 mmy),
then the half-width of the physical spread function
projected onto the retina is (i/D)op. Equation (5) can
now be written.

r=a-+blog{[ ¢/ D)orf+av*}. (6)

It has been proposed by Stevens'? that an exponential
model rather than a logarithmic model should, in
general, fit subjective-response data better. An expo-
nential model was tried, but it was found that the fit
of the experimental results was not improved. It will
be necessary, however, to obtain much more cxperi-
mental data before a significant choice between models
can be made. :

1II. PHYSICAL EXPERIMENT

Tn order to obtain experimental data from which
values of oy and the cocfficient b can be obtained, it is
essential that each of the pictures which will be judged
for definition be generated with a spread function
having a constant sizc and shape. In other words, the
same spread function must be used to generate the
picture at every point over its area. This is quite

18R, L. Anderson and T. A. Bancroft, Statistical Theory in
Research (McGraw-Hill Book Company, Inc., New York, 1952),

p. 60.
1§, §. Stevens, Daedalus 88, 606 (1959); Am. Scientist 18,
226 (1960).




- Approved For Release 2003/05/14 ; C|A'RQP78§05171A0W0070034'0 :

Fie. 1. Diagram of apparatus for “photographing” a trans-
parency so that the spread function is uniform over the entire
picture; The transparency is wrapped around the right-hand end
of the drum and the negative film around the left-hand end.

different from the situation ordinarily encountered in
practical photography. Here a sizable angular field is
covered simultancously, and the spread function which
gencrates the central arca of the picture is radically
different in size and shape from the spread function
which generates the comer regions.

Since ordinary cameras will not produce pictures in
which the generating spread function is constant over
the field, other means must be adopted to obtain such
pictures. A method that has heen found effectived is
shown schematically in Fig. 1. A drum is mounted on a
machinist’s lathe. The right-hand end is transparent
and the transparency to be photographed, which is
considered to be the original scene, is wrapped around
it. The left-hand end is opaque and the negative film
on which the image is to be formed is wrapped around it.
On the tool holder of the lathe an optical system
consisting of a Dove prism, two 125-mm, f/5 lenses,
and two mirrors is mounted as shown. The optical
system images a portion of the transparency subtending
a field of about 0.75° on the negative ilm. As the drum
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F16. 2. Test ohject used in the apparatus shown in Fig. [, The,

upper part consists of patterns used for obtaining sine-wave
response. data and the lower of a pictorial scene,

ROBERT N.

WOLFE Vol, 52
rotates, the tool holder is translated lengthwise so that
the transparency is scanned spirally. The transparency
is illuminated from inside the drum with a 75-w,
110-v G.E. photo enlarger lamp operated on direct
current at 90 v and held on the optical axis of the system
by a mechanical linkage with the tool holder. The
operation is similar to cutting a screw in the ordinary
use of the lathe, except that there is considerable
overlap of the successive tracks of the scan.

The cffective spread function of the lens can he
changed by varying the distance of the optical system
from the drum. Once sct, it remains constant over the
entire picture. o )

It 1s helpful to consider the way in which a letter like
P would be transferred by this scanner. If the P were
on the positive transparency, it would be transferred
through this system onto the negative so that it would
have exactly the same orientation. In fact, as the drum

it 26 )
Spatial frequency (lines/mm)

Fic. 3. Trequency-response curves for each of the nine focal
seltings. The separation hetween scttings was 0.01 in.

is turned, this image would appear as if it werc stuck
on the drum when it was in the field of the optical
system. Every clement of the picture is imaged optically
in this manner. It should be pointed out that this is
different from some photoclectric scanning systems, in
which a photoclectric cell convolates relatively large
number of optical spread functions which are then
transferred clectronically. _

A reproduction of this positive transparency used as
the “original scene” in this experiment is shown in
Iig. 2. Also shown in this figure is a reproduction of
sinusoidal test object which was w rapped around a drum
alongside (he positive transparency. The test object
was thus imaged at precisely the same focal selting as
the positive transparency.

In' the actual experiment, the lines were oriented
at 45° to the lathe axis instead of being parallel to it
as shown in this figure. Bxperience has shown that this
procedure gives results that are consistent with pre-
viously reported data’* and also that thev show more

Approved For Release 2003/05/14 : CIA-RDP78B05171A000600070034-0
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il consistency than do parallel or perpendicular T e ;

this exposing procedure was used (o make mine
cives. The character of the spread functjon and
" fore the definition was changed by setting the
al system at a different distance from the drum
o een successive negatives. All the negatives were
%oon Rodak Commercial Iim and were developed
L her in a sensilometric processing machine by using
agitation to ensure uniformity of development.
v were developed in Kodak Developer D-76 for 18
bt 08°T
fieze negatives and the associated sinusoidal charts
- then carcfully printed by contact in a vacuum
.Vizning frame onto this same kind of film, which was 99
wdoped in the same manner to provide final positive
esp-parencies for judging and measuring. The sine-
sve response’™ for each positive transparcncy was
enmined'® by means of microdensitometer measure-
=ntz on the photographic images of the sinusoidal

Relctive mtensity

so| -

B tart made along with it Distonce
]
. hysical spread f P ms of standard I're. 4. Spread functions corresponding to the response curves
! faer 1 Size of physica spreac u“CL}OH - u?lm,‘? ol standard of Fig. 3, with valucs of standard deviation o indicated. Since the
- “wviation op on the photograph and for three viewing distances. functions are bilaterally symmetrical, only one half of cach is
= ST e e e e shown,
Spread-function width o) (u)
Focal On nogri r fUJ'CC%Cg on retina s Fouricr transforms of these curves, which are the spread
witing _ photograph e S functions, are shown in Tig, 4.
—_— 1 99.07 3.19 i91 1-30 The standard deviation or half-width ap is indicated
% ggﬁ ]2% IOLE;L 862 on cach curve. These values are shown in Table I and
1 34.06 1.10 0.66 0.41 are plotted as a function of focal setting # in Fig. 3. As
g %%?? 8;% 8;18 8% can be seen, a smooth curve fits these points quite well.
- 7 11.42 1.33 0.80 0.50 This Incans L]li.lt some systematically varying property
» 8 61.22 1.97 1.18 0.74 of the physical ima ge 1s being measured and that random
» 9 79.70 2.57 1.54 0.96 :

variations are small.

e focal

n. IV. PSYCHOMETRIC EXPERIMENT

‘ In this experiment, essentially symmetrical spread . . : .
Cstuck functions fr(x) were used to generate the negatives, Psty chc;mc{nc da(.‘a vgerrct obtautl}c d dhoxl t};;eellll;ii
sptical - These were calculated by taking the Fourier transforim BPSI WC m?ﬁ)arcnta‘cs }tl “éc{ Ele 10 ‘S.LI' 1;) ¢ Coi on
tically of the sine-wave response data for cach focal sctiing, ~'Scussion of these two methods has fecently been gl

ithis is The study of unsymmetrical spread functions is being 100 _ v :
ms, in undertaken, but it was started after the work reported ]
in this paper was completed.

v large - )
2 then Phe frequency-response curves derived from the 75
hositive transparencics arc shown in Fig. 3 for cach of
1sed as the focal settings at which pictures were made. The
wn in distance between successive settings was 0,01 in, The A 50
on of a T . . &
Ldrum . '™ Note added in proof. A note in the December, 1961, issue of
el ) !h‘c J. Opt. Soc. Am. 51, 1441, announced an agreement with the
object ) HEY) Subcommniittee for Image Assessment Problems to change 25
king as “what {s at present known under a variety of names, e.g., sine- - F0.0I in
vave responsé, l'rcqucncy response, contrast transfer, ete,"” to
) . “oplical transfer function' when the complex function (i.c., in-
-tented cluding phase) is intended, as in Part T of this series. The agree- 0
. . . r .———J-‘_;““
L toit R ment also provides the term “modulation transfer functjon’ for t 3 5 7 9
ot 1l ’ ¥ use wh‘cn phase is not {)ertinent. These nomenclatyre recom- Focal settine
b this mendations were adopled too late to be incorporated into this °
h pre- p:ll;_ml:, but the new nomenclature will be used in future papers. T16. 5. Standard deviation of spread furction as a fun-tion
- more K. L. Lamberts, J. Opt. Soc. Am. 49, 425 (1939). of focal sctting w. :
i |
‘ F:
: ;
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TaLe IT. Subjective picture definition # as a function of the
focal settings at which the photographs were made and the
distances from which they were viewed, The method of paired
comparisons was used for judging pictures.

TFocal Picture definition

setling 21 in. 35 in. 561in. «
1 2.24 5.56 8.17
2 5.26 .77 9.09
3 6.94 8.77 9.28
4 8.53 9.56 9.74
5 9.34 9.69 9.87
6 9.17 10.41 9.84
7 8.22 9.85 9.57
8 6.45 8.71 9.90
9 4.30 7.31 9.41

by Gulliksen.® The first one used was the paired-
comparison method, in which all n(n— 1)/2 or 36
possible combinations of pairs of pictures without
regard’to order® were shown to a number of observers
on a diffuse illuminator giving a luminance of approxi-
mately 70 ft.-L for the visual ficld. Each obscrver was
asked to state which of the two pictures 2 and j in cach
pair had the better picture definition. The percentage of
the total number of observers who considered the
picture 4 to have better definition than picture 7 was
determined for each of the 36 pairs. From these pereent-
age valucs, the normal variate A’; between each pair
was determined. The units in which normal variate is
expressed were taken as the units of response (7). The
best estimate of the true value of 7, which will be
designated #, for cach of the transparencics was then
computed by Morrissey’s procedurc® mentioned catlier.

A

,rorT,

=]
T

- A
Response

[~}

T

ES
i

—] leoorin.

3 5 7 9
Focol setting, u

o) | !

16, 6. Average response # of 50 ohscrvers as a funclion of
focal setting # for the three indicated viewing distances by the
paired-comparison method. The curves are quadratic functions
fitted to the points and represent 7, The maxima are indicated
by ticks,

Y. Gulliksen, Any. Scientist 47, 178 (1939).

# Only one ohscrvation of a single pair of pictures, say A and B,
was made; the presentation of A on the left and B on the right was
considered (o be equivalent to the presentation of 4 on the right
and B on the left.
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Essentially this procedure is to solve the equations
Alyy=ri—ri+es, (7)

where e is the observational error. These equations
are solved for those values of # which satisfy the relation

2. 7=0 (8)
a==]

and for which .
E CU21
all pairs
that is, the sum of the squares of the errors, SSE, is a
minimum. The restriction imposed by FEq. (8) is made
because all the values of # are relative to an arbitrary
Zero. ' _
‘The transparencies were viewed by 50 observers at
cach of three viewing distances—21, 35, and 56 in.—and
a value of # was determined for each transparency al
cach distance. These values, with the zero selected so
that there are no negative values, are shown in Table [1
and are plotted as a function of focal setting in Fig. 6.
It scems reasonable to assume that # should be a
smooth function of focal setting #. Quadratic functions
of the form

1= a4 Bu-tyul (9

were fitted to these data and are shown as the solid
curves in the figure. As can be seen, the data points
fit the curves quite well. The maxima are indicated on
the curves by ticks. The respective focal settings at
which the maxima occur are as follows:

Viewing Focal
distance (in.) setting »

21 5.35

35 5.47

.56 6.10

The values are plotted in Fig. 7. Tt should be noted thitt
the focal scttings giving maximum response vary

7 1 | | )
3
o
B
£ el -
)]
L%}
©
g
[ - -
—
5l ! 1 [N VD SR
0 20 40 80

Viewing distonce, D (in.)

N < e . . . sl eetive
e, 7. Variation of focal setting # for maximum of suliject
response F; with viewing distance D,
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T aatically with viewing distance. This will be
Losedd T more detail later.
[he <ccond psychometric method was the method of
g It s illustrated in Tig. 8 by a sketch from
ébcn.w In this method, the pictures are presented
poups of three instead of in ]’):1i_rs, and all possible
cpof (liree without regard to order are shown to the
evers, Tor w pictures there are nn—1{n—2)/2
b sroups. In this case, » is 9, giving 252 groups.
4. can be seen from Fig. 8, the pictures are presented
. triangular array. The upper picture, at the vertex
_he array, is taken as the standard to be compared
1, the two lower pictures. The observer is asked to
. e whether the picture at the lower left or the
ure at the lower right is more like the upper picture,
o ibis method it is not necessary to use any verbal
oo such as “definition” or “detail” in instructing the
iwes, as i3 the case for the paired-comparison method.
. ntrained observers can thus be used, and, furtherinore,

"¢ yhe various pictures differ in more than one respect,

. _ii the psychometric domain is multidimensional, the
saal results will indicate the number of dilferent
_aributes in which the pictures vary. They will not,

U

©avever, indicate the nature of the different attributes.

[ »at can be determined only by subsequent study.

These judgment data are first used to measure the
sterpoint distances between pictures.t These interpoint
Jiarances are determined in a manner analogous to the
way-in which the response values for cach picturc are
Aorermined in the paired-comparison mecthod. The
cumber of interpoint distances is obviously equal to
e total number of pairs of pictures—36 in the case
+f 9 pictures.

“These interpoint distances are absolute values and
contain no information as to direction. In other words,
~iven three interpoint distances, 4B, BC, and AC, AC
i« not necessarily cqual to A B-+BC. The points 4, B,
and C might lie along a line, but altcrnatively, they
might le on a plane in two-dimensional space or, in the
cuse of a larger number of points, even in some space of
higher dimensions. Statistical techniques®~2* have been
developed to fit these various points into onc-, 1wo-,
three-, or #-dimensional space and to determine how
many dimensions are needed Lo account adequately for
the various interpoint distances. Thus, if it can be
<hown that the points obtained from picture judgments
cun be fitted more closely by a plane than by a linc and
that the difference in degree of fit indicated by statistical
tests s significant, then the pictures probably do not
differ in just one subjective attribute but in two.

Duta using this triad technique were obtained for the
same transparencies that were evaluated by the paired-
comparison technique. Two separate groups of 30
ohservers were used. The first group consisted of

% G, Young and A. S. Houscholder, Psychometrika 3,19 (1938).
f‘ 8.7 Messick and R. P, Abelson, Psychometrika 21,1 (1956).
3850 ] Messick, Ph.D. thesis, Princeton University, and

“ducational Testing Service, Princeton, New Jersey (1954).

: CIA-RDP78B05171A00Q§00070034-0

AL SPREAD FUNCTION 4065

Tanse T, Subjective picture defmition £ as a function of
the focal settings ab which the photographs were nmade for a
viewing distance of 21 in. The method of triads was used for

judging pictures.

Picturc definition

Yocal
setting Trained obs.  Untrained obs.

1 7.65
2 8.70
3 8.32 9.16
4 9.15 9.62
5 9.67 9.93
6 9.80
7 8.77 9.68
8 7.62 9.18
9

8.36

|
I

laboratory personnel who had a knowledge of the
nature of the experiment and who had made observa-
tions of the transparencics by the paired-comparison
technique. These will be called “trained ” observers in
our discussion. Because of the magnitude of the triad
program as comparcd with the paired-comparison
program, the trained obscrvers were asked to judge
only five of the nine transparencics. _

The second group, which will be called “untrained”
observers, consisted of female personnel from the
Motion Picture and Sheet Film Division, whose
primary duties are to inspect film under a low level of
safclight illumination. Their visual acuity was definitely
better than average. Morcover, they were all interested
in the observing program, which was somewhat different
from their usual duties, and they were paid at their
customary rate. Conscquently, they scemed to be
adequately motivated. In both these cases, the data
could be fitted adequately to a line, indicating that the
obscrvers had judged the pictures on the basis of only
a single psychometric attribute.

Table 11T shows the response values so obtained for
the scparate groups of observers. All these values were
obtained for a viewing distance of approximately 21 in.
The attribute which was observed scems to be definition.
These values, designated also by #, arc plotted as func-

I't. 8. Illuslration of method of triads. The perplexed simian is
trying to decide whether the square or the circle is more nearly
like the triangle. (From Gulliksen, by permission. © 4 nierican
Scientist.)
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466 N. wor IFE Vol, 57
12 \!\r‘%“r\“f“x Is as small g possible. The cstimates of the true valyeg i
of b and 4, obtained in this way wi) be symbholizeq ;
0 by & and ay. Likewise, the estimate of , obtained by
subslvituting & and ay into Eq. (6) win be symbolized
. by 7, _ )
< With § ang ay found, i would he of Interest to know
gfs how much they migh¢ vary and still he iy reasonabhle
2 accord with (he data. This cap be determineq by
4 applying significance lests such ag are outlined by
N Brown]ee, 24
‘Two such tests were mgde, One wag made for the
2 combination of »)) the data from the p'aired-comparison
| }~ootin. . - valuation at the three viewing distances, The other
0 —t 4 1 + Was made for (he triad evaluation by the Untrained
Focal setting, 4 observers, Tp the case of the {rained observerg using the

triad method, (here were insufficient data to mgke a

focal Setting u for 5 viewing distance of 21 in, by the method of  uscful fegt because only five of the nine Pictures were
triads, 7, Untrained observers; T, trained observers, evaluated,

The results of these tests are shown in Fig. 10. The
tions of foeq] setting in Fig. 945 circles for the untrained closed loop 2 is for the Patred-comparison data obtained

Fra, 9, Average Tesponse 7 of 30 observers a5 g function of

observers ang as triangles for the trained obseryers, by ”]? trained observers, and the open figure 77 s for
the triad dagy obtained by the untrained obseryers, All
Analysis of Data pairs of § and oy values inside the loop and between the ]
, sides of the open figure gre Jointly compatible with (he \
Both the triad and the batred-comparison response  ga40 ator better than (he 3% level of significance, In ¢
data are adjusted g that 4 bicture made wiph & other words, we have 9597, confidence that the true
e ey b o A s 3 N - . N N N . ~ » »
perfect _ bhysica) System, fe., g System i whicl values of ¢ g the corresponding valyes of oy will lie {
72=0, will have 4 Tesponse of 10, This, of course,  inin these figures. . . in
Tequires A knowledge of (he values of (he Parameters For the Paired-comparison data, the SSE (sum of ol
oy and b in Eq. (6), which have not been given yet in the squares of the errors) of Eq. (11) has 4 minimum fo;
this Paper. Since the yerg on the varigys fesponse 4 " On the boundary of the figure it hag a slightly Lo
Scales IS arbitrary, pig Procedure is jugiifieq n order higher byt constant value, which Means that all poin(s ; in
to avoid showing two S¢ts of responge curves which are for
cssentially duplicates. v
e g . . the
The values of 4 and oy can be obtained by starting ene
with Eq, (6). This tquation, (he Proposed mg thematica] art
model, can he Written as exp
’F:f(o'f’: D: a, b) UV) A
SCir
=/ (10) e
and for o Particulay s(imu]us, Le., for the case when g Dhys
barticular pictyre Is viewed from a particular distance, defin
nhse;
. riz= fy the
The brocedure for cstimating values of ¢ and gy ndic
is analogous tq that used for obt:u'ning values of 2 from diffeq
Eq. (7). Since » ig relative (o gp arbifrary zero, the rain
value of g i arbitrary. Ag i Lq. (7), A’y is the normal uali;
Variate between cach pair of pictures judged at o Mnody:
Particular viewing distance or an (nmlqg{ous quantity V1. 10, Value of § 45, function of ;. ip Eq. (6) from () paired if-p( r
obtained by the method of Triads, 1‘01]0\\'11];; the camparison data for 4)) viewing distapees and (7Y 14iad (hlu’l fl(;f Histay
DPrevioys procedure we solve (he cquations i J-IQ. Viewing (h'stancv. The significance of pomnts A, ', B, Neop
’ and Clis explained in the text, Maode]
Aljim= (f, )-e. e - b Sdenie
Y (/l i) / ( ’ HRoALR rownlee, Statistical Theory apg Jf('//](){/ﬂ/(}lq_\' e Science Ih”_’»
for those values of b and or which make S 4 omin. wd /’S/;\gr/'/z,m-iug (John Wiley & Sons, New Yok, 1960), pp. I 1
oo ol by T 304-300. o
mum, je., for y hich - . 0 True s hepe wed o mean (hoge values of §ynd gy which perl
2o et would Iy oblained jf there were o random epperg i the experi- ot 10,
all pairs ment, are e

o
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nis boundary are equally consistent with the data.
i the (riad data, the SSE is lower along the dotted
- through B to the right than elsewhere on the figure
; i ~,huhtb higher but constant along the buun(huy
-H,‘ again all points are ec uaﬂy consistent with the

Aithough there were inadequate data to make a

' --d’u! significance test for the triad data of the trained

ervers, 2 very shallow minimum SSE was obtained
¢ led to pomt C, where oy is 3 pand b is — 118,

{eee values of 7y and & were used for ml(ulatmfr
i mnwpondma curve (tl nou"h the triangles) i
1 1e 0. Likewise, the values obtained from point B in
i :._,_ 10, where oy is 10u and b is —35.8, were used for

;?«_u.l.ltmg the curve through the mrc]cs in I"ig. 9.

Values obtained from point A instead of point A’
«ore used for caleulating the curves of 7 vs focal setling
sor the cases where the trained observers used the
y-ired-comparison method. To determine point 4,
the value of oy at 47 was simply rounded off to 3 x from
325 g, thus making it the same as for C. Since A is
within the figure, it is, like A4’, consistent atl betler
+ian 939, level of significance. The value of b associated
with op=3 p is —23.6. The curves of 7 vs focal setting
sarresponding to 4 are shown in Fig. 11,

Refore proceeding to discuss the curves in Tigs. 9 and
11, it should be pointed out that the data as analyzed
in Iig. 10 strongly suggest that oy for the untrained

ahservers using the triad technique is larger than oy

for the trained observers using the paired-comparison
tcchnique, but the values for & are probably the same
itr both cases. Since significant tests could not be made
for the data obtained by the trained obscrvers using
the triad technique, we cannot say whether this differ-
vnce Indicates differences between observers or is an
artifuct caused by the differences in technique. Further
experiments are needed to clear up this point.

As can be scen in Tig. 9, the untrained observers could
scarcely tell the picture which is highest on their
response scale from a picture made with a “perfect”

-physical system, while” the trained observers could

definitely detect this difference. Also the untrained
ubservers report relatively higher response vatues than
the trained observers for the out-of-focus pictures,
indicating that the untrained observers do not detect
difficrences in the pictures that are apparent to the
trained observers. Nevertheless, regardless of these
sualitative  observer variations, this mathematical
model seems to give an adequate explanation for the
experimental results obtained at a single viewing
distance.

Now let us see what response values the mathematical
maoded pI(,dlCtb in the case of the data obtained at the
three viewing distances.

Figure 11 shows the curves of 7 adjusted so that a
“perfect” optical system would give a response value
of 10, The pomts # calculated by Morrissey’s method®
are also shown in the figure. As can be seen, the model

UAL SPREAD TTUNCTION 4067

|2 I B e i e R

Focol setting, u

Fic. 11. Average response 7 of 50 observers as a function of
focal setting # for the three indicated viewing distances (in
inches) by the paired-comparison method. The curves arc func-
tions that minimize the SSE and represent 7. The maxima are
indicated by ticks.

agrecs with the cxperimental points quite well. It
predicls maximum responses of 9.4, 9.8, and 9.9 for
the 21-, 35-, and 56-in. viewing distances, respectively.
Morcover, the variation in definition as a function of
focal setting gels progressively less pronounced as the
viewing distance is increased.

These results probably mean that, at the 506-in.
viewing distance, these trained obscrvers do not distin-
guish the picture having the best definition from a
picture with “perfect” definition.

The experimental points in Fig. 11 show a tendency,
not predicted by the model, for the curves representing
the model to shift slightly to the right with increasing
viewing distance. Such a shift was mentioned earlier
and was demonstrated in Tig, 6. It was found that the
data for each viewing distance could be fitted to a
quadratic function, Eq. (9), and that no significant
lmprovemcnt in fit cou]d be obtained by using a function
higher in degree than a quadratic. In addition, calcula-
tion shows that the shift of the focal setting with viewing
distance for the calculated maxima is significant at
the 959, level.

This systematic deviation of the values of 7y, rep-

resenting the experimental results, from the values of

7, computed from the model, can be seen more easily
by replotting the data from Fig. 11 as in Iig. 12. In the
left-hand graph, the response values for the 21-in.
viewing distance are plotted as ordinates and those for
35 in. as abscissas. In the right-hand graph, the values
for the 33-in. viewing distance are plotted as ordinates
and those for 56 in. as abscissas. That is, the shorter
viewing distance is represented by ordinates in both
figures.

The best experimentally determined values of # are
indicated by the small circles that are numbered to
indicate the focal settings at which they were made.

oo ARPrOvVed For Release 2003/05/14 : CIA-RDP78B05171A000600070034-0

i e - A okt e s«



Y

Approved For RgJgase 2003/05/14 : CIA-RDP78B05171/880600070034-0

468 ROBERT N. WOLFE
1 . 11—.———.-—«.—-1
10~ o !
ok 9 1

3 8
5 5
28- 58 7
©
2 g
37+ 2 7] 4
3 2
c €
Ler 66 T
() )
) g
55 55 b
2 2
4 &
al- al- B
3 3 E
P A ) | | 3 e | |
5 5 4] il 16 W

8 9 ] 9
Response, 35-in, viewing distance B56-in viewing distance

Fre. 12. Subjective response for relatively short viewing
distances as functions of response for relatively long distances.
Circles, experimental points #, numbered according to the focal
settings at which they were oblained; solid curves, values £
from Dbest guadratic function for each viewing distance (Fig. 6);
broken curves, values ¥ from mathematical model (Fig. 11).

By following these points in numerical order, a definite,
if rough, clockwise loop structure is evident in both
graphs. The values 7 from the quadratic formula,
Eq. (9), are represented by the solid curves. These
curves also show definite loop structures, The values 7
given by the mathematical modcl, Eq. (6), arc indicatde
by the broken curves. These curves are, of course,
monotonic. ,

Tnspection of the figure shows that this mathematical
model predicts quite closely the picture definition of
pictures that are generated by spread functions of
diffcrent shapes and sizes and viewed at different
distances but that, at least in this experiment, there isa
significant systematic deviation between the predicted
and the observed values. This deviation may be related
to the fact that the spread functions gencrating the
pictures on the Ieft-hand sides of the loops, pictures
1-4, have a single central peak while those on the right-
hand side of the loops, pictures 7-9, tend to be bimodal.
This change in shape of the spread function is a typical
manifestation of spherical aberration in an optical
system.

V. SIZE OF VISUAL SPREAD FUNCTION

Tt is of interest to compare the results of this experi-
ment with those obtained by other workers in this
general field. A summary of the various data is given
in Table TV. In the present experiment a value of o
between 3 and 6 u for the visual system was obtained by
using the pajred-comparison method and a value
greater than 8 g was obtained by using thet riad method.
The viewing-ficld luminance was approximately 70
ft.-L.

A value for oy was derived from data presented by

e s e ot RETERIreuY

Vol. 52

Sclwyn!4 in 1948. He suggests that his visual resolving-
power data can be explained by “supposing that the
retina averages the illumination over a band width of
125 min.” Assuming this width is the 2¢ value and
using 17.18 mm for the focal length of the eye, as was
used earlier in this paper, we have a ¢ value for the
retinal spread function of 3.1p.

If the pupil diameter is taken as 3.0 mm, the ¢ value
for the diffraction-limited image® is 1.4 u. The square
root of the sum of the squares of these two values gives
oy as 3.4 p.

A value of 9 x was derived from data presented by
Schade'® in 1948 for a field luminance of 7 ft-L and a
value of 5 u was derived for a field luminance of 70 ft-L
from data which he presented in 1956.2¢ ITn each case he
presented his observers with a series of bar resolving-
power charts varying in line spacing and required that
the ratio of lne-to-surround luminance be adjusted
until threshold conditions were obtained, i.c., until the
pattern at each of the spacings could just be scen.

Ludvigh?” in 1953 assembled data from various
sources for the size of the “blur disks” for diffraction,
chromatic and spherical aberrations, fixation, tremor,
and uncorrected refractive crror. By adding the
diameters of these disks together, he obtained an
over-all value of 754 sec of arc, or a diameter of 63u .
on the retina, for an cye with a 4-mm pupil. This
pupillary diameter is obtained with a $0-ft-L field
luminarrce. Instead of a simple sum, a root-mean-square
value is probably preferable, which reduces  this
diameter to 40.5 u. If we assume Fry’s®® relationship
between o and the diameter of the blur circle @, ie., -

o=/ (),
then o= 106 p. _

A value of 10 p was derived from data obtained by
Tlamant® in 1955. She photometered retinal images
with a physical instrument, which means that the
physiological-psychological = clements of the retinal
system were not included. No meaningful figure for
field luminance could be given for such an experiment.

A value of 14 p was derived from observations f,"-
photographic graininess made by Stultz and Zweig" 1
1959. They determined by least-squares methods the
size of retinal image which would best fit their data-
"This was done by using a method sbmilar to {hat used
in the presont experiment. Their viewing-field laminanc
was less than 10 ft-I as reported to the author &
private communication.

Lowry and DePalma’? have just reported  datd
indicating that o in thelr case was less than 3w Th‘"“"
data, which were derived from observations of (he Mack

26 O, Schade, J. Opt. Soc. Am. 46, 721 (1950). Co R

971, Ludvigh, U. S. Naval School of Aviation Medicine an®
Kresge Fye Tostitute, Bureau of Medicine and Surgery. Project
No. NM 001 075.01.04, 17 August, 1953, L . .

8.GL AL ey, Blur of the Relinal Tmage (Ohjo State Universits
Press, Columbus, Ohio, 1955).

2 F, Flamant, Rev. optique 34, 433 (1955). s 103
w1, 1, Stultz and 11 ], Zaweig, . Opt. Soc. A, 149, 603 (19>
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of size of the humun visual spread function. References are to footiotes in the text,

Field luminance  Hali-wid(h, o

Author(s) Dater Fechnique ({t-1) (w)
Wolle 1962 Picture viewing; paired comparison 70 3-6
Wolle 1962 Yicture viewing; triads 70 >8
Selwyn? 1948 Threshold 3.4
Sclhaclee 1948 "I’hreshold 7 9
Schade? 1956 Threshold 70 5
Ludvighe 1953 Composite blur disk 50 16
Flamantf 1955 Physical pho tometry 10
Stullz and Zweige 1959 Graininess obscrvalions <10 14
Lowry and DéPalus? 19611 Mach phenomenon 20 <3

= Unless otherwise indicated, date of archival publi
+ See reference 14

cation,

reference 26.
o RBee reflerence 27,

phenomenon, were obtained at a field luminance of .
nfe-l. ’

As can be seen, the results of the present experiment
are consistent with those obtained by other workers.
Morcover, they relate to actual picture observations
and include both the objective and subjective elements
. of the human visual system.

VI. CONCLUSION

We may conclude that the mathematical model
proposed here predicts quite closely the picture defini-
tion to be seen in pictures generated by spread functions
of different shapes and sizes and viewed at different
distances, and that the half-width ¢ of the spread

-

g v —

I See reference 29,
€ See reference 30,
h See reference 12,
i Date of orul presentation,

-

function for the human visuul system is between 3 and
8 p. There are, however, small systematic dilferences
between the experimental data and the values predicted
by the model. These differences are probably related
to gross dilferences in shape among the various spread
functions.
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Offprinted from Twr AMERICAN JourNar or Psvcmorocy
September 1954, Vol, 67, No. 3, pp. 530-532

THE USE AND CALIBRATION OF THE ‘MAXWELLIAN
VIEW’ IN VISUAL INSTRUMENTATION

The radiant energy reflected by or emitted from a surface diverges in all direc-
tions.! In order to be effective visually, this energy must pass through the entrance
pupil of the eye after which, assuming adequate dioptrics, it will be focused on the
retina, The size of the light pencil emanating from a given object point which
reaches the corresponding image point on the reting is proportional to the pupil
diameter, The larger the pupil diameter (or the light pencil) the more energy from
the object point will be able to reach its corresponding image point and the ‘brighter’
the point will appear. The entrance pupil of the eye can, however, intercept only
a small fraction of the emergy from a diffuse sutface, and consequently most of the
emitted energy does not enter the eye and is therefore not effective visually (Fig.
1A). .

In order to present an extended test-field of high [uminance, the ‘Maxwellian view’

FiG. 1. DiacraM ILLUSTRATING THE EFFICENCY OF THE 'MAXWELLIAN VIEW'

A, unaided eye, only the light intercepted by the pupil reaches the retina; B, Max-
wellian view, all the light intercepted by the lens enters the eye.

is frequently used in visual instrumentation.? The principle of the Maxwellian view
is to focus the image of a light source in the plane of §’s pupil (see Fig. 1B). All
the light intercepted by the lens enters the eye as contrasted with Fig. 1A where

! The author wishes to express his appreciation to Dr. C. §. Bridgman for his
effective aid in the preparation of this note,

?Named in honor of J. Cletk Maxwell who utilized this principle in the con-
struction of his color-mixing apparatus. (See Maxwell, On the theoty of compound
colors and the relation of the colors of the spectrum, PAil, Trans., 150, 1860, 57.)

530
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532 APPARATUS NOTE

forms a conjugate image of the source with unit magnification at some distance away
from the eyepiece of the apparatus). Alternative procedures for the calibration of
the Maxwellian view which permit the photometer to be used on diffuse sutfaces
are indicated below.

A convenient technique for calibration of the Maxwellian view is to covet one
half of the field lens with a mirror positioned so as to reflect the image of a
diffuse surface in the direction of §'s eye. S then sees a bipartite field, one half of
which is supplied by the Maxwellian view field lens and the other half by the image
of the diffuse surface seen in the mirror. The two halves of the field lens are
matched by adjusting the luminance of either component after which a calibration
value.is obtained in the usual manner from the diffuse sutface. As in the calibration
methed discussed above, the effective entrance pupil must be the same size for the
Maxwellian and the diffuse fields.®

In the binocular method S observes the field of the Maxwellian view with one
eye and a diffuse surface of the same size with the other eye. By adjusting con-
vergence, the two fields may be made to appear in juxtaposition. After being matched
for equality, the luminance is detetmined with a conventional photometer from the
diffuse surface. It is necessary, of course, that the entrance pupils of the two eyes
be equal. The facility with which this binocular match can be made is improved by
providing for a common boundary between the two fields. This can be accomplished
by presenting both fields in the form of a semi-citcle or rectangle. The variability
of binocular matches is, however, greater than for monocular comparison.

A third technique makes use of a photo-electric circuit! The sensitive surface of
the photocell is placed in the plane normally occupied by S's pupil and the voltage
generated by the image focused there is tecorded. A diffuse surface equal in size
to the field lens is illuminated and the light reflected into the photocell located at
a distance equal to that between the eye and the field lens. The area of the photo-
cell exposed to this light must be equated with the area of the image of the source
previously focused on the photocell. The illumination on the diffuse surface is
varied until the flux density of the light reflected on the photocell surface, as indi-
cated by the voltage generated there is equal to the flux density previously produced
there by the Maxwellian view system. Under this condition the effective energy
entering the §’s pupil in the Maxwellian system is equal to that which would enter
the pupil from the diffuse source. The luminance of the diffuse source can then
be determined in the conventional manner.

Summary. The principle of Maxwellian view is advantageously used in visual
experimentation when it is desirable to obtain extended visual stimuli of high
luminance. Precautions in the use of this system as well as some advantages and
disadvantages are discussed. Calibration of the system involves special problems
when using conventional photometers. Alternative methods for calibration which
make use of monocular comparison, binocular comparison, and a photoelectric circuit
are described.

University of Wisconsin HERSCHEL LEIBOWITZ

°®The author is indebted to Dr. Yun Hsia for the details of this technique,
" Described by K. J. W. Craik, The effect of adaptation on differential brightness
discrimination, J. Physiol., 92, 1938, 406.
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only the light intercepted by the pupil enters the eye. Subjectively, § sees the lens
(called the field lens) filled with light. With the aid of additional lenses the light
can be rendered parallel hence, neglecting absorption in the lens and surface reflec-
tions, it can transverse long optical paths without loss. Variations in temporal char-
acteristics, direction, and energy may be produced by modification of this beam by
the appropriate shutters, lenses, reflecting surfaces, filters, etc.

An advantage of the Maxwellian view, in addition to its efficiency in transmitting
energy from the source to §'s eye and the possibilities it offers {or manipulation
and control of the light, is the elimination of fluctuations in natukal pupil size as
an experimental variable provided the image of the source in the plane of -he
pupil is smaller than §'s natural pupil. In addition, since light from each point of
the source passes through all zones of the lens, irregularities in the source will not
affect the uniform appearance of the field lens.® It is not advisable, however, ‘or
the source to exhibit gross differences in luminances such as would be obtaired
from a coiled tungsten filament unless the image of the filament is so small as not
to be imaged on the edge of the pupil. If the latter situation exists, movements of
the eye can result in variations in the total flux reaching the retina as the pupil eclge
moves across areas of non-uniform flux-density. A disadvantage of the Maxwellan
view is the necessity for placing the eye in such a position that the image of he
source is centered in the entrarice pupil, although this arrangement does permit he
presentation of peripheral stimuli without decrease in the effective area of he
entrance pupil.* Another disadvantage may arise in experiments on visual acvity
where the possible additional complication of Abbe diffraction may be introduced
by the Maxwellian view optics.*

Since most visual photometers (e.g. the MacBeth illuminometer) are designed
for the calibration of diffuse surfaces, special precautions must be observed if they
are to be used in the calibration of Maxwellian view systems. It is necessary, that
the appearance of the field lens being calibrated is not changed, that the exit pupil
of the photometer and the image of the soutce in the Maxwellian system be c¢on-
centric and in the same plane so that the position of the eye is the same for calitra-
tion as in the normal use of the system. The aperture-stop of the photometer must
also be equal to or smaller than the image of the source in the Maxwellian system
that the Maxwellian system and the photometer comparison sutface be vievied
through the same diameter entrance pupil. This requirement is necessary to satisfy
the requirement that specification of luminance be independent of viewing cordi-
tions. It is not always possible to satisfy these conditions as the eyepiece of the
apparatus may be so constructed as to prevent the proper positioning of the
photometer or the aperture-stop of the photometer may be too large. In some czses
it may be possible temporarily to alter the design of the apparatus or the photometer
5o as to satisfy these requirements (e.g. by the use of a supplementary lens wkich

B If the image of the source in the plane of the pupil is too small, entostic
phenomena will destroy the even appearance of the field lens. See A. A. Michelson,
On the effect of small particles in the vitreous humor, [, Opz. Soc. Amer., 9, 1624,
197.

* See the appatatus used by R. T. Brooke, Variations of critical fusion frequency
at various retinal locations, J. Opz. Soc. Amer., 41, 1951, 1010.

°® E.g. the apparatus designed by S. Shlaer, The relations between visual acnity
and illumination, J. Gen. Physiol., 21, 1937, 165.
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 Fundamental Variables in the Relationship

pefween

Accommodation and Convergence”

GLENN A. FRY, PH.D, DIRECTOR
_8§CHOOL OF OPTOMETRY
OHIO STATE UNIVERSITY, COLUMBUS, OHIO

Abstract

The present paper ig an attempt to demon-
strate the usefulness of a graphical analysis
of the data obtained in a routine examina-
tion that pertain to accommodation and
convergence. The relationships between ac-
commodations and convergence arc demon-
strated to involve five fundamental vari-
ables. Once the findings are analyzed in
terms of these variables, the reason for the
anomalies in the relationship between ac-
commodation and convergence can be more
fully appreciated. : :

TFurthermore, the type of graphical analy-
sis which is recommended makes it possible
to check findings obtained in a routine ex-
amination against each other to determine
what findings involve experimental errors.

Maddox’s Classification of the Different.

Forms of Convergence. In a survey of the
literature, which has by no means been com-
plete, Maddox! appears to have been the
first to split convergence into different com-
ponents, ¥e analyzed convergence into four
components as follows:

(1) Tonic convergence.

(2) Accommodative convergence.

(8) Positive fusional convergence.

(4) Negative fusional convergence.

Graphicel Analysis of the Relationships
Retween Accommodation and Convergence.
Maddox’s analysis of the different compo-
nents of convergence and their relationship
to accommodation can best be illustrated by
plotting part of the routine findings in an
optometric examination on a graph as illus-
trated in Fig. 1. It should be noted that this
graph is similar to the ones advocated by

““Reprinted from the March 18 and 25, 1943
issues of The Optometric Weekly. .
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Sheard? and Lesser® for routine use in an
optometric practice. The following findings
can be plotted on the graph.

BASE 1IN PRISM SCALE AT 40 CM.  BASE OUT

40 30 20 © -
12 1 ;
F — ¢ Q
- ; =
a9 -1 '—_7:‘_AW'_ =
E L A Bk B B @
Pofr 2
57 : Q
-« G - . ;‘_
; j [
e s AT z
14 4 ! = Ak §
3 s ime e e :
z 2 AT A - e
B i 1
' A Suvae I 2
] B 3t <

2020 10 0 10 20 30 40 50 €0 TO 80 90
BASE N PRISM SCALE &Y 6 M. BASE OUT

Fig. 1

1. Tests at 6 m. with the subjective.
(a) Lateral phoria.
(b) Baseinto break.
(¢) Base out to blur and break.
II. Tests at 40 cm. with the anticipated
near point correction.
(a) Lateral phoria.
(b) Base in to blur and break.
(¢) Base out to blur and break.
(d) Plus lens to blur.
(e) Minus lens to blur.
III. Near point of convergence. (Push up
) method.)
IV. Monoeular amplitude of accommoda-
tion. (Push up method.)
Construction of the Graph. In construct-
ing the graph it is assumed that a target

. at 6 m. seen through the subjective finding

represents a zero stimulus to accommoda-
1E. E. Maddox, The Clinical Use of Prisms, pp. 168-176
(1907).

2C. Sheard, “Zones of Ocular Comfart,” Trans. of “the
Amer. dcad. of Optom., Vol. 3, pp. 115-129 (1928).

3§. K. Lesscr, Iundamentals of Procedure and Analysis
in Optometric Examination, pp. 109-111 (1934).
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tion and a target at 40 em. a 2.50 D, stimu-
ius to accommodation. Th( value r)f 2 -)O D.

N o rie s lienw it ,--I.Unu] b
for the llci that 6 m. is used instead
infinity as o basis for computing the zero
stimulus to accommodation. If this were
taken into .ucmmt the stimulus at 40 cm.
would be 2.33 D. instead of 2.50 D. This dis-
crepancy can be disregarded in construct-
ing the graph because it makes it easier {o
represent on the graph the changes in the
stimulus to accommodation produced by
adding plus or minus lenses to the subjec-
tive correction. The various additions with
the target at 40 em. are represented on the
right band side of the graph. If it were nee-
essary to assume that a target at 40 em.
represents .a 2.83 D stimulus to accomoda-
tion, the divisions on the scale on the right
hand side of the graph would not correspond
to the divisions on the left hand side.

The stimulus to convergence is assumed to-

be I5/A* greater when the target is at 40
em. than when the target is at 6 m. Hence
the zero point on the prism scale at 40 em.
at the top of the graph is displaced 15/ to
the right from the zero on the prism scale
at 6 m. on the bottom of the graph. This
value of 15/\-is only correet for an inter-
pupillary distance of 68 mm. and varies
from 12/ to 16/\ for interpupillary dis-
tances ranging from 55 to 756 mm. These
variations can be ignored in constructing

the graph. The value 15\ is chosen because.

it is a round number which makes it possi-
ble to use the same vertical lines both for
the scale at the top and also for the scale
at the bottom of the graph.

The stimulus to convergence can be
changed by adding prism base in ovr basc
out at distance or near and these stimuli
can - be located directly by means of the
scales at the top and the bottom of the
graph. It should be noted that the prism
scales are calibrated in centrads instead of
prism diopters. The rotary prisms now wide-
ly used in practice are calibrated in prism
diopters. For the purpose of case analysis,
it is satisfactory to regard the prism find-
ings expressed in terms of prism diopters
as cquivalent to centrads. Once this is done,
the various findings can be added together
or subtracted one from the other without
involving any error.

use of the inability of our printer to reproduce

+ symbol for centrad, we lhave used the symbhol for prism
dioprer, ‘Uhroughout this article all prism symbols indicate
centrads—Ed,
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Procedure in Plotting the FMindings. The
phoria ﬁn(‘mgq are indicated by crosses,
in and bhass ouf b’w voints b

anh hne : : .
’\m(o the phoria and dudl(m fm(hu;! at 6
m. dire made through the subjective finding,
the stimulus to accommodation is zero and

the h(ws

cipe; LA

~ the findings must be plotted on the horizon-

tal line corresponding to zcro on the ac-
commodation scale. The prism scale at the
bottom of the graph is used in plotting
these findings.

The phoria and duction findings at near
when taken through the subjective involve
a 2.50 D stimulug to accommodation and
arc plotted on the 2.50 D horizontal line.
The prism scale at the top of the graph is
uscd in plotting these findings.

When the phoria and duction findings at
40 em. are made through some add to the
subjective they must be plotted on the hori-
zontal line corresponding to the add as
shown dircetly on the right hand side of the
graph. This procedure is illustrated in
Fig. 2.

The plus lens to blur and the minus lens
to blur findings are made with the target
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%

placed at 40 em. and since the stimulus to
convergence 1is kept fixed, both findings
must be plotted on the vertical line cor-
responding to the zero point on the prism
scale at 40 em. These findings are repre-
sented by circles.

The absolute maximum of convergence as
determined by the push up method can be
represented on the same graph. In the
test for the absolute maximum of conver-
gence, the target is moved toward the eyes
until it is seen double or until one eye is
secn by the examiner to turn out, and the
distance of the near point of convergence
from the plane of the gpectacles is recorded
in centimeters.
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INTER-PUPILLARY DISTAKCE (mm)

The absolute maximum of convergence is
measured in terms of the angle of conver-
genee at the near point. This angle ean be
caleulated in terms of degrecs by the follow-

ing formula which is-based upon the dia--

gram in Itig, 3.
1
H
[}

- - |
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| 4P CTACLE
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i
Fig. 3

) Angle of
A 1/ i _
Tan % ': convergence

Y Interpupillary distance

Distance from spectacle plane to |-} .027
the near point of convergence
The value 027 represents the distance in
meters from the spectacle plane to the base
line " eonnecting centers of rotation. The
angle of convergence measured in degrees
can be translated into centrads by multiply-
ing by 1.75. The graph in Irig. 4 eliminates
the nced of this calculation. The absolute
maximum of convergence can then be repre-
sented on the graph by erccting a vertical
dotted line at a point on the prism scale at

6 m. corvesponding fo the centrad value of.

the maximum convergence. No allowance
needs to be made for the fact that the zero
on the prism scale at 6 m. represents
1A of convergence. ' : ‘

The amplitude of accommodation can be
indicated by 2 horizontal dotted line at a

DISTANCE OF PP OF CONVERGENGE FROM
SPECTACLE PLANE {CM)
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Fig. 4
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point on the stimulus to accommodation
scale corresponding to the amplitude. In
case the amplitudes for the separate eyes
are found to be different this can usually
be regarded as an experimental artifact
andrihe higher of the two findings is re-
garded as the more representative of the
amplitude. If the dynamic skiascope finding

“and the unfused cross cylinder finding also

indicate that the accommodative responses
arc uncqual for the two cyes, so that difTer-
eut adds for the two eyes ave justified for
near point work, the plus lens and minus
lens to blur findings have to be disve-
garded and the prism findings at 40 em.
are plotted in terms of the accommodative
response for the eye having the large ampli-
tude.

Stgunificance of the Phorig Minding at
Distance. The phoria at distance repre-
sents the position which the cyes assume
under the influence of the basie tonicity of
the extra-ocular muscles. Awareness of
nearness is eliminated from the situation
Ly using a target actually placed at 6 m.
The stimulus to accommodation is elimi-
nated by using the most plus or least minus
lens power before the eye which will permit
clear vision. The fusional stimulus {5 elimi-
nated by dissociating the two ayes.

Significance of the Phoria Finding at 40
Cm. In order to get o measure of the cf-
fect of changing accommodation on conver-
gence the eyes can De kept dissociated, the

target placed at 40 em. and a new phoria

measurement made at this distance. Chang-
ing the distance of the target increases the
stimulus to accommodation 2.50 D.D. unless
an add is used for making the phoria finding
at near. The amount of convergence associ-
ated with this change in accommodation
can be computed by the following formula:
Accomniodative convergence = 15/\ —
phoria at distance - phoria at near. In
applying the formula an eso. is regarded
as plus and an exo. as minus. The 15/
represents the convergence required for
binocular fixation of the near point target.

The accommodative convergence associ-
ated with each diopter of accommodation
will be referred to as the A.C.A. ratio, and
can be computed by the following formula:

15/\ — phoria at distance
- phoria at near
A.C.A.
ratio = - -
2.50 — add through which the
phoria at 40 em. is made.
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This ratio is cqual to the reciprocal of
the slope of the line connecting the phoria
findings at distance and near. One can get
an approxinmate idea of the ratio by drawing
this line on the graph and making a casual
inspection of its slope.

Maddox pointed out that part of this so-
called accommodative convergenece may bhe
attributable to the awareness of nearness.
It is not known whether this involves a
psychic stimulation of positive fusional con-
vergence or some unique form of conver-
gence. At least for the time being it is
probably better to avoid splitting up the so-
called accommodative convergence into two
separate components as has been done by
Taitt and Farmers,

Significance of the Prism Blur and Breal
Mindings. Maddox and many of his con-
temporaries failed to grasp the true signif-
icance of basc in and base out blur points.
As carly as 1892 Percivald pointed out that
the blurring which occurred -with prism
buse in was brought about by a forced re-

laxation of accommodation and that the

blurring resulting from prism base out

could be attributed to a forced increase in
accommodation. This can be demonstrated
by using plus and minus lenses to elimi-
nate the blurring.

Several years ago a haploscope was de-.

vised by the writer” to demonstrate the be-
havior of the accommodative mechanism
during the base in and base out duction
tests. The instrument and results have been
described elsewhere. The results show un-
mistakably that the blurring is a result
of throwing the accommodative mechanism
out of focus. It was further demonstrated
that accommodation remaing relatively con-
stant from the base in to the base out
blur point. At the base out blur point a
rapid increase in accommodation occurs
and at the base in blur point a rapid de-
crease. These changes in accommodation
continue at the same rate all the way from
the blur point to the break point. In the
light of these demonstrations it is possible
to deseribe the phenomena by saying that
positive fusional convergence is used to
bring the eyes from the phoria position to
the base out to blur position and from this
point on an increase in convergence is made

‘E. F. Tait, “A Report of Results of the Experimental
Variation of the Stimulus Conditions in the Responses of
the Accommodation Convergence Reflex,” Trans. of the
Amer, Aecad. of Optom., Vol, 7, pp. 199-206 (1932).

. SE 8. Furmer, “Procedure for Analyzing Convergence and
its Supporting Functions,” Trans. of the dmer. Acad. of
Optom., Vol. 10, pp. 77-82 (1936).
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possible only by increasing accommodation
and taking advantage of the convergence
associated with it. Negative fusional con-
vergenee is required to bring the eyes from

" the phoria position to the base in to blur

position and from this point on accommoda-
tion must be decreased in order to obtain
further divergence of the eyes. Usually no

base in to blur point is found at 6 m. since

accommodation is completely relaxed to
start with. However, in cases of hypertoni-
city, where complete relaxation of accom-
modation is not attained in the binocular
subjective test, a base in blur point at 6 m.
may actually be cncountered. In many in-
dividuals there are no base in and base out
blur points at all. This condition is illus-
trated in Fig. 5. Such individuals simply do
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not know the art of throwing the accom-
modative mechanism out of focus in order
to gain an increase in convergence for the
purpose of maintaining single vision. Some
subjects are found to give base in blur

points but not base out blur points or vice

versa. The fundamental point to remember

is that when the blur point does occur it

represents the limit of fusional convergence,
but if the break occurs before blur is ob-
tained, the break point represents the
limit of fusional convergence.

Significance of the Near Point of Con-
vergence. At the near point of conver-
gence, accommodative convergence and
positive fusional convergence are both ex-
erted to their limits and the intersection
of the lines representing the amplitude of
accommodation and the maximum of con-
vergence may be taken as the limit of posi-
tive fusional convergence when accommoda-
tion is at its maximum.

¢A. 8. Percival, “The Relation of Convergence to Ac-
comimodation and Its Practical Bearing,” Ophthalmic Re-
vicw, Vol. 2, pp. 813-328 (1892).

G, . Try, “An Experimental Analysis of the Accom-

modation-Convergence  Relation,”  Trans, of the Amer.
Acad. of Optom., Vol. 11, pp. 64-76 (1937).

The Optometric Weekly

AT

e

Approved For Release 2003/05/14 : CIA-RDP78B05171A000600070034-0




v

Approved For @glease 2003/05/14 : CIA-RDP78B0517 %#00600070034-0

The Significance of Relative Accommoda-
tion. Starting with finite quantities of
both accommodation and convergence it is
possible to demonstrate a change in acecom-
modation without a change in the position
of the eyes but this does not mean that the
innervation to convergence remains un-
changed. As accommodation is increased the
associated accommodative convergence in-
creases. If there is exo. to start with this
may change to an cso. which continues to
increase. Eso. cases will show an increase.
Such an inerease in esophoria would pro-
duce diplopia were it not for negative fu-
sional convergence which compensates the
effect of the increase .in accommodative
convergence, When the negative fusional
convergence is exhausted, no further in-
crease in accommodative convergence is
permissible without diplopia and hence the
eyes fail to react to the blur produced by
increaging the stimulus to acecommodation.
The minus lens to blur test is, therefore, an
indirect method of determining the limit of
negative fusional convergence.

It the A.C.A. ratio is small and the exo.
at near is large, the stimulus to accommo-
dation may Dbe inereased to the limit of the
amplitude of accommodation without pro-
ducing an esophoria which cannot be com-
pensated, and consequently there is nothing
to interfere with clear vision except the
limit of accommodative amplitude. This
type of case is illustrated in Fig. 5.

When 2.50 D. or slightly more needs to
be added in the plus lens to blur test (see
Itig. 6) this means that the exophoria pro-
duced by relaxing 2.50 D. of accommodation
can be compensated by using positive fus-
ional convergence. Whenever the plus lens
Lo blur finding at 40 em. is less than 2.50
D. it means that positive fusional conver-
gence is exhausted before accommodation
is completely relaxed, and in this case the
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plus lens to blur finding represents an in-
direct measure of the limit of positive fus-
ional convergence.

The proposition that it is impossible to
change accommodation without changing
the innervation to convergence, is best dem-
onstrated by the fact that the relative am-
plitude of accommodation is zero at the
far and near points of convergence. At the
far point of convergence accommodation
cannot be inhibited because it is at the zero
level already. It cannot be stimulated be-
cause if it were, accommodative conver-
gence would come into play and the eyes
could not be maintained in a position of
maximum divergence,

For similar reasons the amplitude of re-
lative accommodation must also be zero at
the point of maximum convergence. At this
point it is impossible to relax accommoda-
tion without getting a decrease in conver-
gence, because positive fusional conver-
gence which is already at its limit cannot
supplement the loss in convergence associ-
ated with accommodation.

The investigation of the relative range of
accommodation at the far and near points
of convergence requires a more complete
mapping of the limits of relative accommo-
dation and convergence than is possible in
a general examination. Numerous investiga-
tors have attempted to obtain complete sets
of data and quite a number of cases have
been reported in literature. Most of the
cases indicate that the relative accommo-
dation does become zero at both the near
limit and the far limit of convergence, In a
few cases, however, a certain amount of
relative accommodation is manifest at one
or the other of the limits of convergence,
In the casce described by Percival® there is
indicated a relative range of accommoda-
tion at the far point of convergence. This
investigator iIs the only one encountered
whose data show this peculiarity. It may be

- due to some astifact but this is not apparent

in the description of the experiment. The
data published by many investigators such
as Donders?, Landolt!® and Howe!! do not
extend beyond parallelism and hence throw
no light on the problem of relative accom-
modation at the far point of convergence.
The data obtained with haploscopes by
(;AQ)S. Percival, The Prescribing of Spectacles, p. 127
1928).

“F,- C. Dondcrs, Accommodation and Refraction of the
Eye (‘Translated by W. D. Moore), pp. 110-126 (1864).
10F, Landolt, Refraction and Accommodation of the Eye
(Translated by G. M. Culver), pp. 195-218 (1866).

L. Iowe, The Muscles of the Eye, Vol. 1, pp. 809-340
(1907).
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PPerelest?, Hess! and the writer! all def-
initely show that the relative accommoda-
tion beeomes zero at the far point of con-
_vergence,. '

The data presented by Donders, Landolt,
Howe, Percles and Percival demonstrate
quite clearly that the relative range of
accommodation becomes zero at the ncar
point of convergence. There is only onc case
encountered so far in the litcrature which
constitutes an exception to this rule. It is a
case reported by Donders.

Construciion of Lines on the Graph to
Represent Limits of Positive and Negative
FFusional  Convergence with  Variows
Amounts of Accommodation. Tt.is helpful
in the interpretation of the data to draw
two lines on the graph, onc connecting the
various findings which represent limits of

positive- fusional convergence and another .

connecting the findings which represent lim-
its of negative fusional convergence. Ordi-
narily the line representing the. limit of
positive fusional convergence is drawn by
starting with the base out to blur at ¢ m,
(or break if there is no blur) and proceed-
ing to the plus lens to blur, the base out to
blur at 40 em. (or break if there is no blur)
and thence to the intersection of the lines
representing maximum accommodation and
maximum convergence. Whenever the base
out to blur at 6 m. is more than 15/\, the
plus lens to blur does not represent a meas-
ure ‘of the limit of positive fusional con-
vergence and hence can be disregarded
(See Tig. 6).

Ordinarily the line representing the limit
of fusional convergence is drawn by start-

ing with the base in to blur at 6 m. (or

break if there is no blur) and proceeding
to the base in to blur at 40 em. (or- break
if there is no blur) and thence to the minus
lens to blur at 40 em. When the minus lens
to blur finding extends all the way to the
total amplitude of accommodation, it can-
not represent a limit of negative fusional
convergence, and consequently must be
ignored. ‘ '

The lines representing the limits of posi-
tive and negative fusional convergernce are
usually straight and parallel to cach other.
If this condition is not approximated the
aberrant findings should be rechecked. Since
these lineg are also approximately parallel

I Pereles, “Ucher die Relative Accommodations-hreite,”
Gracfe's Areh, F. Ophthal., Vol. 85, pp. 84-115 (1889,

B, Jlowe, Op. Cit, p. 332, s

“G.o AL Fry,, “Furtlier Experiments on the Accommoda-
tion-Convergence Relutionship,” Traus. of the Amer. Acad.
of Optom., Vol. 12, pp.-65-74 (1938).
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1o the line connecting the phorias with vari-
ous stimuli to accommodation, the slope of
these lines can be used as a check on the
A.C.A. ratio.

The Fundanental Variebles. The arca
on the graph which includes all those com-
binations of stimuli to accommodation and
convergence permitting clear and single vi-
sion, is bounded on the right hand side by
the limit of positive fusional convergence,
on the left hand side by the limit of negative
fusional convergence, on the top by the
maximum level of accommodation and on the
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bottom by the zero level. In generyl the
shape of this area approximates a parallelo-
gram. The line representing phoria findings
runs approximately parallel to the two sides.
These relationships are represented sche-
matically in Ifig. 7. ey
The five fundamental variables in the re- |
lationship between accommodation and con- i
vergence may be listed as follows:
1. The phoria at distance, which deter- :
mines the extent to which the whole paral-
lelogram is displaced to the right or left. :
2. The A.C.A. ratio which is given by |
the slope of the phoria line and also by ;
the slope of the lines which represent the |
limits of positive and negative fusional j
convergence.
3. The amplitude of accommodation. !
4. The amplitude of positive fusional
convergence, which is represented by the f
lateral displacement of the P.F.C. limit |
from the phoria line. !
5. The amplitude of negative fusional
convergence, which is represented by the!g
luteral displacement of the N.IM.C. limit |
from the phoria line. e

Indiana Sets Fall Seminar

The Third Anuunal IOA and AAQ Fall BEdu-
cational Seminar will be held at the IHoliday
Inn, Kokomo, Indiana on October 21.
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